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METHOD FOR FABRICATING A MOSFET HAVING A VERY SMALL CHANNEL 

LENGTH 
5 

Cross-Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE02/00732 , filed February 28, 2002, which 
designated the United States and which was not published in 
10 English. 

Background of the Invention : 
Field of the Invention : 
The present invention relates to a method for fabricating a 
15 MOSFET having a gate channel of a predetermined, very small 
channel length. 

With conventional technologies, it is only with difficulty 
that transistors having gate channel lengths of below 100 nm, 

20 so-called short-channel transistors in the sub-: range, can be 
fabricated so exactly that the required electrical operating 
parameters are complied with. A high performance of the 
transistor presupposes, for example, a high operating current 
with a low power consumption and also only a low leakage 

25 current in the off state. Furthermore, the gate resistance and 
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parasitic effects such as the Miller capacitance are intended 
to be as small as possible. 

This requires dimensionally accurate dimensions and 
5 proportions of the transistor, which is formed by the sequence 
of many process steps. Particular difficulties are posed at 
the present time by the fabrication of T-shaped gate layer 
stacks whose lower layer, in accordance with the desired 
channel length, is very narrow in comparison with the upper 
10 layer of the gate layer stack. 

Various methods have been proposed for fabricating T-gate 
transistors. Thus, e.g. the fabrication of a T-gate in which a 
metal layer is subsequently deposited onto a preformed 

15 polysilicon gate is known. On account of positional errors 
between the layers, however, it is necessary to increase the 
distance between the source/drain contacts and the gate in 
order to ensure entirely satisfactory operation of the 
transistor even in the event of a misalignment. However, this 

20 entails an increased source/drain resistance. 

A short-channel transistor is described e.g. by Ghani, Ahmed 
et al., IEDM 99, page 415. Furthermore, D. Hisamoto et al. 
) (IEEE Transaction on Electronic Devices, Vol 44, 6, 97, page 

25 951) describe a method for fabricating a self-aligned T-gate 
with a tungsten layer on an underlying first gate layer. 
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Moreover, Kasai et al. (IEDM 94, pages 497-98) describe a 
method for fabricating a T-gate in which the gate layer stack: 
^ comprises polysilicon, a diffusion barrier and a metal layer 

deposited one above the other. 

5 

It is disadvantageous in the latter methods that the short- 
channel gate has to be structured with the aid of complicated 
lithographic methods, for instance with the aid of an electron 
beam. 

10 

Summary of the Invention : 

It is accordingly an object of the invention to provide a 
method for fabricating a MOSFET with very small channel length 
which overcomes the above-mentioned disadvantages of the 
15 heretofore-known devices and methods of this general type and 
wherein the method enables a T-gate transistor with a very 
short channel length to be fabricated dimensionally 
accurately, in a very simple manner and cost-effectively. 

20 With the foregoing and other objects in view there is 

provided, in accordance with the invention, a method for 
fabricating a MOSFET with a gate channel of a predetermined, 
very small channel length. The method comprises the following 
) steps: 

25 producing a dielectric on a semiconductor substrate; 
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applying a first gate layer to the dielectric, the first gate 
layer comprising polysilicon; 

) forming an intermediate layer, preferably of tungsten nitride, 

to serve as a diffusion barrier, on the first gate layer; 

5 applying a second gate layer, the' second gate layer comprising 
tungsten; 

masking the second gate layer to define a width of the second 
gate layer to be greater than the predetermined channel 
length; 

10 anisotropically etching the second gate layer, the 
intermediate layer, and the first gate layer; 

isotropically laterally undercutting the first gate layer 
under the second gate layer selectively with respect to the 
dielectric, with respect to the intermediate layer, and with 

15 respect to the second gate layer, thereby utilizing an etching 
gas containing hydrogen bromide in a dry etching process, and 
controlling the etching process for forming the first gate 
layer with a predetermined width less than the width of the 
second gate layer and corresponding to the predetermined 

20 channel length. 

) 
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According to the invention, various etching steps having 
different degrees of isotropy are combined with one another in 
a suitable manner in order to obtain the desired T-shaped 
structure of the gate. Firstly, the gate layer stack is etched 
5 anisotropically, thereby patterning it* The gate thus formed 
is still significantly wider than the predetermined channel 
length. 

In contrast to conventional methods, there is no attempt 
10 firstly to form a lower gate layer with the same width as the 
predetermined channel length, rather, according to the 
invention, firstly a layer stack is produced which is wider 
and can therefore be formed with the aid conventional 
inexpensive lithography steps. This makes the method 
15 particularly cost-ef f ective. 

Firstly, the second gate layer is masked in such a way that 
its width is greater than the predetermined channel length; 
i.e. the masking is effected in such a way that after the 
20 hereinafter first etching step, a layer stack is produced 
which comprises the first and second gate layers and has a 
width which is greater than the predetermined channel length. 

The further processing of the gate layer stack in order to 
25 achieve the small gate length corresponding to the 
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predetermined channel length is then effected by subsequent 
etching of the lower gate layer from the side- 

To that end, according to the invention, a second etching step 
5 is carried out. In order to reach the first gate layer 
concealed by the second gate layer, the second etching is 
carried out isotropically . On account of this isotropy, the 
second etching brings about a lateral constriction of the 
first gate layer, which is narrowed in a controlled manner 
10 down to the predetermined channel length* In this case, the 
short-channel gate thus obtained is produced with the aid of 
simple process steps known per se, without complicated methods 
being employed. 

15 A preferred embodiment provides for the width of the first 
gate layer to be controlled by the width of the second gate 
layer and by the duration of the controlled lateral 
undercutting of the first gate layer under the second gate 
layer . In the simplest case, the concentration of etchants and 

20 other parameters 'of the undercutting remain constant, so that 
only the time duration of this etching determines the lower 
gate length. In this case, the predetermined width of the 
first gate layer is preferably equal to the predetermined 
channel length. 

25 
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One development of the invention provides for the width of the 
first gate layer to be controlled during the undercutting with 
the aid of the concentration of an etchant . In this case, the 
concentration can be set to a value which is constant during 
5 the etching,, or else be altered in the course of the etching. 

The predetermined width of the first gate layer is preferably 
equal to the predetermined channel length. On the other hand, 
deviations of 10% in both directions also still lie within the 

10 scope of the invention- 
It is preferably provided that the anisotropic etching of the 
second and of the first gate layer is continued until the 
dielectric is reached. The sidewall produced during the 

15 isotropic etching becomes particularly uniform as a result. On 
the other hand, the first , isotropic etching can also be ended 
within the lower gate layer and the second, isotropic etching 
can be begun there. In this case, the dielectric is not 
reached until during the second etching. 

20 

Finally, it is provided that the first gate layer is 
isotropically laterally undercut selectively with respect to 
the second gate layer. As a result, the upper dimensions of 
the gate line are preserved and can thus be contact-connected 
25 more easily. 
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The undercutting is preferably carried out with the aid of an 
isotropic plasma etching step. In this case, conventional dry 
etching chambers with inductive or other coupling-in are 
implied* 

5 

A hydrogen halide preferably serves as etching gas for the 
isotropic etching; hydrogen bromide, in particular, is 
advantageous owing to its good selectivity with respect to 
metals, 

10 

With regard to the dimensions of the T-gate that is 
fabricated, preferred embodiments provide for the width of the 
second gate layer to be between 120 and 300 nm and for the 
width of the first gate layer to between 
15 30 and 150 nm. Transistors having a channel length of 30 to 
150 nm are thus preferably fabricated. 

The gate dielectric preferably contains silicon dioxide. 

20 The second gate layer preferably has a higher electrical 
conductivity than the first gate layer. As a result, the 
overall conductivity of the gate is increased. The second gate 
layer preferably comprises tungsten as metal. It can be 
composed of tungsten. 

25 
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One development of the invention provides for the introduction 
of source/drain implantations and the diffusion thereof under 
the predetermined width of the second gate layer as far as the 
edge of the first gate layer. In this case, the wider, upper 
5 gate layer forms part of a mask which allows the implantations 
to be introduced into the wafer only at a certain distance 
from the lower gate layer through the dielectric. The 
subsequent thermal distribution of the implantations is 
controlled in such a way that the dopants likewise coyer, in 
10 addition to 'the width of a spacer, the difference between the 
widths of the second and first gate layers, i.e. the path to 
the predetermined small channel length. 

In a preferred implementation, the MOSFET according to the 
15 invention forms a part of a DRAM or of a logic circuit. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

20 Although the invention is illustrated and described herein as 
embodied in a method for fabricating a MOSFET having a very 
small channel length, it is nevertheless not intended to be 
limited to the details shown, since various modifications and 
structural changes may be made therein without departing from 

25 the spirit of the invention and within the scope and range of 
equivalents of the claims. 
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The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
5 of specific embodiments when read in connection with the 
accompanying drawings. 

Brief Description of the Drawings : 

Fig, 1 is a diagrammatic side view illustrating a first 
10 process stage in the fabrication of T-gate transistors 
according to the invention; 

Fig. 2 illustrates a second process stage; and 
15 Fig, 3 illustrates a third process stage. 
Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a 

20 sequence of a plurality of gate layers that are deposited on a 
silicon substrate 1 covered with a gate oxide 2 made, 
preferably, of silicon dioxide. The gate layer stack thus 
produced substantially comprises a first gate layer 3 made of 
polysilicon and an overlying second gate layer 5. The second 

25 gate layer 5 serves for improving the conductivity of the gate 
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1- W X , W ^ X u 

in the case of very small dimensions and will therefore 
preferably be composed of a metal, in particular of tungsten. 

An intermediate layer 4 made, for example, of tungsten nitride 
5 and serving as a diffusion barrier, can be produced between 
these layers, for instance by subsequent siliciding. Moreover, 
it is possible to deposit a total of more than two layers one 
on top of the other. What is decisive is that at least two 
gate layers made of different material are formed which permit 
10 a lateral undercutting of the lower layer under the upper 
layer of the gate* 

Once the layer sequence required for the gate structure has 
been produced, it is patterned laterally in order to form the 

15 gate. To that end, the layer sequence or its uppermost layer 5 
is firstly masked. Since this masking is effected in such a 
way that the width of the second gate layer 5 is wider than 
the predetermined channel length at this method stage, it is 
possible to employ conventional lithographic techniques such 

20 as, for instance, the use of resist or hard masks. 

According to the invention, the initial width of the gate 
layer stack is deliberately chosen to be wider than would 
) correspond to the desired gate length and thus the channel 

25 length. For this purpose, combining an anisotropic first 

etching with a subsequent anisotropic undercutting, which, in 
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this order,, leads to an undercutting of the first gate layer 
under the second gate layer, results in a reduction of the 
gate length directly on the gate oxide. By virtue of this 
combination, a T-gate with a very short channel length can be 
5 fabricated with the aid of simple etching processes known per 
se. The use of lasers or electron beams which are usually 
employed to produce very small structures is not necessary in 
the case of the method according to the invention. Rather, the 
second gate layer 5 can be masked in a customary manner with 
10 the aid of resist masks or hard masks. 

The forming of the gate then begins with the anisotropic dry 
etching - directed in the direction perpendicular to the 
substrate surface - with the aid of a first etching gas, 
15 indicated by Al in Fig. 1. The etching is preferably continued 
until all of the gate layers have been patterned, but the 
underlying dielectric has still not been perforated. 

As an alternative, the etching can also be ended at a stage in 
20 which the second gate layer 5 has been completely perforated, 
whereas the first gate layer 3 has only been partially 
perforated. In this case, the first gate layer 3 is completely 
perforated as far as the dielectric 2 through the second 
etching step, described below. 

25 
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In accordance with Fig. 2, in a next, isotropic etching step, 
a second etching gas A2 is supplied isotropically to the 
^ substrate. The term "isotropic" in this sense means that the 

degree of isotropy is high enough that the etching gas A2 
5 reaches and undercuts the sidewalls of the lower gate layer 3. 

The second etching must be effected selectively with respect 
to the dielectric 2. The greater the selectivity of the second 
etching with respect to the dielectric, the more reliably 
10 perforation of the dielectric is prevented. 

The dielectric need not necessarily be reached as early as in 
the course of the first etching; if the initial width of the 
gate structure, i.e. the width of the upper gate layer 5, is 
15 large enough, it is also conceivable that, after the lower 
gate layer 3 has been reached, only the second etching 
uncovers the dielectric. 

The etching gas A2 can preferably be selected in such a way 
20 that the second etching is also effected selectively with 

respect to the second gate layer 5 lying above the first gate 
layer 3 (and, if appropriate, with respect to the intermediate 
layer lying between them) . In this case, T-shaped gate 
) structures are produced whose readily conductive metallic 

25 upper part maintains its wider cross section formed after the 
first etching, while only the lower first gate layer 3 is 
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narrowed- As a result, the upper gate layer 5 can be contact- 
connected more easily. 

) 

If the second etching is not selective with respect to the 
5 upper gate layer, although know T-shaped gate structures are 
produced, the same reduction of the initial gate length is 
nonetheless achieved in this case as well. Moreover, if the 
second gate layer 5 is deposited with a sufficient thickness, 
enough material of said layer also remains after the second 
10 etching in order to ensure a sufficient electrical 

conductivity of the gate and in order to reliably make contact 
with the gate, 

A hydrogen halide preferably serves as etching gas A2 for the 
15 second etching, carried out isotropically . Hydrogen bromide 
(HBr) , in particular, is highly suitable owing to its good 
selectivity with respect to silicon dioxide (as dielectric) 
and with respect to metals (as second gate layer) . 

20 In Figs. 1 and 2, gate layer stacks of adjacent capacitors are 
shown closely adjacent in exaggerated proportion in order to 
better illustrate the influence of different degrees of 
isotropy on the shaping by the etching gas A2 - 

) 

25 By contrast, Fig. 3 shows only a single fabricated T-shaped 
layer stack 3, 4, 5, which is already covered laterally with 
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spacers 7. The spacers serve for laterally insulating the gate 
channel with respect to the source/drain implantations s/D to 
be introduced. 

5 The implantations S/D are implanted outside the spacers 7 
through the dielectric 2 into regions 3 of the substrate. 
During a subsequent thermal processing, the temperature and 
the duration of the action of heat are controlled in such a 
way that the ion profile 6 extends right under the upper gate 
10 layer 5 up to the lower gate layer 3, i.e. into the region 6a. 
Given a width of the original gate layer stack of 200 run, an 
additional ion diffusion - corresponding to the undercutting - 
of 50 nm on each side of the gate suffices to form a 
transistor with a channel length of 100 nm. Preferably - 

15 proceeding from a gate width of 120 to 300 nm - the 

source/drain implantations are brought to one another to 
preferably 30 to 150 nm (corresponding to the desired channel 
length) . According to the invention, however, it is possible 
to fabricate MOSFETs with any desired, even shorter channel 

20 length. 

Such a transistor can be produced with the aid of conventional 
lithography methods by the method according to the invention. 

,) 

25 The present invention makes it possible to fabricate self- 
aligned multilayer gates in which exclusively conventional 
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fabrication installations and process steps are employed. The 
method is therefore simple and cost-ef f ective, and the gate 
length of the transistors fabricated is particularly 
dimensionally accurate on account of the controlled 
5 undercutting. 



) 
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